The activity of marine wood-borers causes great destruction in maritime wooden structures.
gribble borer hazard; European coastal waters.
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Introduction 29 30
In human history, wood has been the material used for maritime construction, possibly due to its 31 wide availability and relative ease of fabrication and repair (Eaton and Hale, 1993; Cragg, 32 1996). For centuries, it has been the sole resource used in the construction of rafts, boats, ships 33 and harbour structures (Cragg et al., 2001 ). In the past, the economy of seafaring nations 34 depended upon their ability to maintain a sea-worthy fleet (Graham, 1973) . Nowadays, wooden
35
ships no longer play a major role in maritime commerce, but wood is still, a very important 36 component of marine infrastructure in many countries (Love et al., 2000) . However, wooden 37 structures in the marine environment are vulnerable to attack by a group of xylotrophic 38 organisms, collectively known as marine wood-borers, which are voracious consumers of wood 39 (Betcher et al., 2012) . This group includes Bivalvia (Teredinidae and Pholadidae), Isopoda
40
(Limnoriidae and Sphaeromatidae), and Amphipoda (Cheluridae). In Europe most wood-boring 41 bivalves belong to the Teredinidae, but species of the Pholadidae, such as Xylophaga dorsalis 2 calamity aroused a general interest in marine wood borers (Sellius,1733; Vrolik,1858) . Since 56 then, accounts of serious economic problems caused by the activity of wood borers have been 57 documented in Europe (e.g. Schütz, 1961; Hoppe, 2002) . Several methods have been 58 developed with the aim of protecting wood exposed in the sea against marine borers. However,
59
the control of marine wood borers remains an unresolved problem. In addition, the EU directive 60 (European Commission, 2003 ) is now limiting the use of established and proven preservatives,
61
such as creosote and copper-chrome-arsenic (CCA), in wood destined to be used in marine 62 construction. Therefore, other approaches need to be explored to ensure an adequate service 63 life for timber exposed in the sea. One approach has been to investigate the natural durability 64 against marine wood borers of lesser utilised timbers species using laboratory tests 
65
73
Portugal (Borges, pers. obsv.). Nevertheless, the properties of wood, such as resilience,
74
favourable strength-to-weight ratio, relatively low energy costs of production and renewability,
75
make it an attractive material to use for construction (Borges et al., 2003) . Wood also suffers 76 much less from the effect of the salt in the seawater than for instance steel or concrete (Williams 77 et al., 2004) , and a growing tree absorbs more carbon from the atmosphere than it emits and its 78 processing also requires less energy than the production of concrete or steel (Burnett, 2006) . In 79 addition, the production of cement and steel alone accounts for over 10% of global annual 80 greenhouse gas emissions (Burnett, 2006 
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After one year´s exposure, the panels were removed and the severity of attack by marine borers
113
was assessed. The fouling community was carefully scraped off. The surface of the panels was 114 then inspected for signs of limnoriid attack. To identify the limnoriid species present, specimens
115
were extracted from the wood and identified using the keys in Menzies (1957) , Kühne (1971) ,
116
Cookson (1990) and Castelló (2011). The severity of attack caused by teredinids was visually 117 assessed using X-rays of the panels, and by splitting the panels to reveal the extent of interior 118 damage and extract the specimens or, in certain cases, just the shells and the pallets.
119
Teredinids were identified on the basis of the morphology of the pallets, using the keys in Turner
120
(1971), the illustrations in Turner (1966) and later using molecular markers (Borges et al., 2012) .
121
To quantify the severity of wood boring damage in the test panels caused by limnoriids and 122 teredinids, the ranking system described in EN 275 (1992) was used. This system varies from 0
123
(no attack) to 4 (maximum attack, complete destruction of the wood). The abundance of 124 teredinids and limnoriids was determined by counting the specimens found. In the case of 125 teredinids the number of specimens was estimated also by counting the number of shells and 126 pallets, when only these were found in the wood. In addition, the number of tunnels in X-rays of 127 panels was counted whenever possible, but in some cases, due to heavy attack, it was not 128 possible to differentiate individual tunnels.
129
2.2-Statistical analysis
130
Differences in species composition and abundance were compared using multivariate analysis 
138
The Bio-Env analysis on BEST routine, in the PRIMER package V6, was used to test how 139 variability and abundance of species could be explained by environmental differences (Clarke marine wood-borers were tested, including temperature, salinity, dissolved oxygen and pH 143 (Menzies, 1957; Turner, 1966; Nair and Saraswathy, 1971) (Table 1 ). The data on temperature gave the highest correlation was taken as the variables that `best´ explained the biotic structure Yerseke, The Netherlands, test panels were not completely destroyed but the destruction was 163 still considered severe (high borer hazard) (Fig. 3) . In these sites however the severity of attack 164 varied among the replicate wooden panels. In Kiel, for example, 2 panels scored 1, two panels 165 scored 2, and the last two scored 3 and 4. In Trondheim, Norway, the borer hazard was due 166 mainly to Psiloteredo megotara (Hanley, 1848). Panels exposed in Trondheim, Norway showed 167 a relatively high mean severity of attack by Psiloteredo megotara (2.8). Three out of the six test 168 panels exposed in the area showed severe attack, two panels scored 4 and one 3. From the last 169 three panels, two scored 2 and one scored 1. Limnoria lignorum also attacked the panels 170 exposed in Trondheim, but the severity was lower than that caused by teredinids (3 panels 171 socred 2 and 3 panels scored 1). The attack on wooden panels in Reykjavik, Iceland, was due 172 only to Limnoria lignorum (Rathke, 1799) (Fig. 4) . However, the severity of attack in the panels 173 was low (all panels scored 1) (Fig 3) . Panels exposed in Dunstaffnage Bay, Scotland, showed 174 signs of limnoriid attack (vestigial), although no limnoriids were found (Fig.3) , whereas panels 
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Holthuis, 1949 was also present but its activity was less destructive (five panels scoring 2.5 and 180 one 3) than that of teredinids. In subsequent years, however, Teredo navalis was also present, 181 but L. pedicellatus was more abundant and destructive than either T. navalis or L.
182
quadripunctata (Borges, 2007) . In the two sites tested in Portugal, Olhão and Terceira, Azores, 
4.1-Borer hazard in test sites
210
The results of the present study show significant differences in wood-boring species 211 composition among the sites surveyed (ANOSIM, R=0.87) (Fig. 5) . In northern European sites, 212 such as Krisitineberg, Roskilde, Kiel, Haren (Eemshaven) and Yerseke (Fig. 3) 
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Sea. In addition, of all marine wood borers occurring in Europe T. navalis is the species with the 219 widest tolerance for a range of temperature and salinity . In Trondheim, 220 however, Psiloteredo megotara was the most destructive species causing severe attack to the 221 test panels (Fig. 3) . Although P. megotara specimens were less abundant than T. navalis 
237
Kristineberg was also surveyed in the present study, but both the severity of attack in untreated 238 panels of Pinus sylvestris and the wood-borers present were different. In the present study only
239
Teredo navalis was present and the panels were completely destroyed after one year´s The hazard posed by Limnoria lignorum in northern European sites is comparatively smaller 263 than that by teredinids (Fig. 3) . The severity of attack caused L. lignorum to test panels exposed 264 in Reykjavik was low (Fig 3) , however this might not be always the case. Saemundsson, (1937) caused by this species to the wooden panels was severe (Fig. 3) . Furthermore, in several 
278
Limnoria tripunctata is also quite widespread. In the present study the test panels exposed in
279
Olhão and Terceira (Azores), Portugal showed higher severity of attack caused by limnoriids 280 than that by Lyrodus pedicellatus, the most abundant teredinid species present in both sites.
281
These results seem to show that in spite of its life history strategy traits such as low fecundity 
293
The higher hazard posed by teredinids to wooden structures compared to that of limnoriids in 294 the majority of the sites surveyed, is probably related to the tolerance of teredinid species, such 295 as T. navalis and L. pedicellatus, to a wider range of salinity and temperature than limnoriid 2) showed that temperature and salinity were the two variables that `best´ explained the 298 patterns of diversity and abundance of marine wood borers in the test sites surveyed. These 299 results corroborate the findings of several studies on the influence of temperature and salinity eggs in one spawning (Sigerfoos,1908) . This long period of permanence in the plankton allow 309 the larvae to be transported to considerable distances by currents (Scheltema,1971 ).The 310 permanence in the plankton of the larvae of long-term brooders is in contrast much shorter than 311 those of oviparous species (Lebour 1946) . Nevertheless, the free swimming period that the 
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The present results show that borer hazard varies with site, due to the type of bores present and 341 with environmental conditions. In the majority of sites (nine) the borer hazard was very high 342 (above 3) considered severe attack according to (EN 275, 1992 
